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1. INTRODUCTION

This document presents the environmental monitoring program plan of stud y (EMP) to be
conducted at the discharge monitoring area within the Shell Gulf of M exico Inc. (Shell) Burger
prospect lease blocks in the Outer Continental Shelf (OCS) of the Chukchi Sea, Alaska, during
and following exploratory drilling operations (Figure 1). This EMP is designed to cover all wells
and drill rigs selected by Shell. The EMP presented in this doc ument follows the effluent
limitations, monitoring requirements, and other conditions set forth in the Authorization fo
Discharge under the National Pollutant Discharge Elimination System (NPDLS) for Oil and Gas
Exploration Facilities on the Quter Continental Shelf (OCS) in the Chukc hi Sea, permit number
AKG-28-8100 (hereafter referred to as Permit No.: AKG-28-8100) issued by the U.S.
Environmental Protection Agency (EPA) in compliance with the Clean Water Act.

1.1. EMP Plan of Study Goal and Objectives

o

The objectives of the EMP, consistent with Permit No.: AKG-28-8100, are:
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1. Complete an initial site assessment, including a physical sea bottom survey, to ensure the
exploratory facility is not located or anchored in a sensitive biol ogical area or habitat
[Permit Section I1.A.13.b.1];

2. Evaluate water quality characteristics of the receiving wate r and potential effects of the
specified discharges [Permit Section 11.A.13.b.2];

3. Evaluate sediment characteristics of the seafloor and potential e ffects of the discharges on
the sediment characteristics [Permit Section I1.A.13.b.3];

4. Evaluate potential effects to the benthic community structure due to deposition of
Discharge 001 (water-based drilling fluids and drill-cuttings) and  Discharge 013 (muds,
cuttings and cement at the seafloor), which includes both spatial and temporal changes in
community diversity and abundance [Permit Section I1.A.13.b.4]; and

5. Evaluate the suspended particulate and dissolved constituent plume(s) 1 n the vicinity of
the discharges [Permit Section I1.A.13.b.5].
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Figure 1: Chukchi Sea Burger prospect.
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1.2. Authorized Discharges

Thirteen waste streams are authorized under Permit No.: AKG-28-8100 as shown below

in Table 1.
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Table 1: Summary of authorized discharges by number and description.

Discharge Number

001 Water-based Drilling Fluids and Drill-Cuttings
002 Deck Drainage

003 Sanitary Wastes

004 Domestic Wastes

005 Desalination Unit Wastes

006 Blowout Preventer Fluid

007 Boiler Blowdown

008 Fire Control System Test Water

009 Non-contact Cooling Water

010 Uncontaminated Ballast Water

011 Bilge Water

012 Excess Cement Slurry

013 Muds, Cuttings and Cement at the Seafloor

"In the event that a particular discharge does not occur, the requirements associated

solely with that discharge will not be conducted.

The permitted discharges result from normal drilling activitie

s, such as sanitary and domestic

o

wastes and desalination unit wastewaters (e.g., released from g eneration of drinking water), and

discharges specific to drilling activities, specifically dr

cement.
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2. BACKGROUND

Shell plans to drill exploratory wells on the Chukchi Sea OCS inac  cordance with exploration
plans submitted to and permits received from the U.S. Department of Interior.

2.1. Chukchi Sea Site Description

The OCS area of the Chukchi Sea is north of the Bering Sea and w  est of the Beaufort Sea and
contains approximately 11,000 square kilometers of active leases for oil and gas exploration and
development. The portion of the Chukchi Sea where exploration drilling is pla  nned is north of
70°N latitude (Figure 1). Both the Chukchi and Beaufort Seas were ex  plored in the late 1980s

and early 1990s for potential oil and gas development and have been further characterized
following lease sales in 2005, 2007 and 2008. The location of the Chukchi Sea no rth of the
Arctic Circle requires that field work and data collection be carefully planned, due to its

remoteness, cold temperatures, and presence of sea ice for most of the year.

OCS Lease Sale 193 was held in February 2008 and Shell was subseque ntly awarded 275 lease
blocks through a competitive bidding process. The locations of the lease ~ blocks in the Burger
Prospect and the drill sites addressed in this EMP are indicate d in Figure 2. Water depth in this
part of the OCS is shallow, ranging from 40 to 50 meters (m) dee p. Predominant wind direction
1s from the northeast. Tides are negligible. Shell measured current velocity at the Burger prospect
continuously through the use of a seabed mounted acoustic Doppler curr  ent profiler (ADCP)
from October 2008 through mid-August 2012. Data collected and analyzed over this time period
indicates that directionally, currents in the earlier part of the  open water season tend to flow
towards the north to east. Later in the season, the current directi on becomes more variable, with
currents moving in the west to southwest direction. This effect can influence the entire water
column and not just the surface currents. The exploration drilling and moni  toring activities are
anticipated to occur during the open-water season.
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2.2. Chukchi Sea Drilling Operations

Currently, Shell plans to drill up to six wells in the Burger pros pect using two drill vessels. The
drill vessels will be attended by a group of support vessels, including support for ice
management, anchor handling, refueling, resupply and oil spill response. Table 2 lists the
coordinates of the possible drill site locations.

Table 2: Possible drill site locations in the Burger prospect.

Coordmates m
Prospect | Well| Area | Block Tee ( ) Latitude Longitude
Number Y

Burger Al Posey 6764 OCS-Y-2280 563945.26 7 )12759.34 71°18°30.92” W163°12°43.17”
Burger F|Posey| 6714 O('S-Y-22p7 564063.30 7915956.94 71°20°13.96” W163°12°21.75”
Burger J [Posey |6912 O(S-Y-2321 555036.01 7807424.42 71°10°24.03” W163°28°18.52”
Burger R Posey 6812 OCS-Y-2294 553365.47 7907998.91 71°16°06.57” W163°30°39.44”
Burger S|Posey| 6762 O('S-Y-22[78 554390.64 7914198.48 71°19°25.79” W163°28°40.84”
Burger V| Posey 6915 OCS-Y-2324 569401.40 7898124.84 71°10°33.39” W163°04°21.23”

N
N
N
N
N
N
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Figure 2: Burger prospect exploration drilling program.
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2.2.1. Drilling Operations

Well drilling operations begin with the creation of a tophole. A tophole consists of the hole
section(s) drilled prior to installing a blowout preventer (BOP) stack. The design also includes a

slim pilot hole to evaluate the site for shallow hazards and a s elf-supporting mudline cellar
(MLC). The MLC is drilled in such a manner as to create a s ubsurface space that is
approximately 20 feet in diameter and 40 feet deep. This space 1 s used to house the wellhead,
casing, and BOP stack to protect them from possible damage during ic ¢ gouge events. The
tophole/MLC may be drilled by either a drill rig or MLC remot ely operated vehicle (ROV)
system. The precise configuration of hole sizes and depths will depe nd on how the well is
designed.

During the drilling of the tophole, muds and cuttings (D013) will be di scharged and deposited at
the seafloor. During cementing of casing strings, muds and cement (D013) from the tophole
portion will be deposited on the seafloor and/or on the bottom of the MLC.

After the tophole is completed, drilling is advanced through the BOP  stack and marine riser (a
pipe that provides a temporary extension of the well to the drill ri g). Water-based drilling fluids
and drill-cuttings are transported up the riser to the drilling unit. There the drill-cuttings are

separated from the water-based drilling fluids by solids control ¢ quipment. The separated solids
(drill-cuttings) are discharged into the sea and the reclaimed wa ter-based drilling fluid is used to
continue the drilling process.

After prolonged drilling, the water-based drilling fluid properties d  egrade through exposure to

temperatures and pressures in the well and by dilution with wate r and clay-sized cuttings
particles. At that point, a portion of the water-based drilling flui d may be discharged to allow for
water-based drilling fluid reformulation. At the end of the drilling operations, water-based

drilling fluids may be discharged in bulk.
2.2.2. Drilling Fluid/Mud Formulation

Shell plans to use water-based drilling fluids. Due to the very I  imited environmental impact of
water-based drilling fluids, which have low toxicity characteri stics (Neff 2010, Petroleum
Environmental Research Forum [PERF] 2005), they are an authorized di scharge (D001, defined
as “Water-based drilling fluids” and D013, defined as “Muds”) under P ermit No.: AKG-28-8100
(EPA 2012a).

The primary purposes of drilling fluids are to cool and lubricate the  drill bit, remove cuttings,
and maintain pressure and formation stability (Neft 2010). The dril ling fluid is formulated to suit
the nature of the formation being drilled, plus factors such as depth, temperature and pressure. As
the hole is advanced to its proposed total depth (PTD), progressively m ore complex mud
formulations may be used to control the properties of the drilling fl uid, which 1s continually
reconditioned and recirculated back down the drill string. Various additive s are used to improve
the properties of the drilling fluid such as density enhancers, fluid 1 oss reducers, viscosity agents,
lubricants, dispersants and shale reactivity inhibitors. Other additive s may include biocides,
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oxygen scavengers and corrosion inhibitors. All additives are pre-test ed to ensure their toxicity

does not exceed required limits. Specific details on the drilling f luids to be used for the
exploratory drilling in the Burger prospect can be found in the dr illing fluids plan included in the
Notice of Intent (NOI).

The primary ingredients of a typical water-based drilling fl uid include brine, fresh water, barite
(barium sulfate [BaSO 4]), inhibitors and biopolymers. Agents such as barite are added to
increase mud weight to counterbalance pressures at depth in the well . Small volumes of mud are
periodically discharged in bulk and replaced with seawater to control the flow properties of the
fluid. Because barite is used as a weighting agent in drilling fluids, baritum (Ba) can typically be
found in concentrations that are elevated above background in the immediat e vicinity of drilling
operations and in the areas where the discharge plume is deposited.

Heavy metals such as copper (Cu), lead (Pb) and zinc (Zn) may be found in trace concentrations
in drilling fluids and drill-cuttings; however, these elements do not readily bioaccumulate (Neff
2010). Although the spent water-based drilling fluids could potentially conta  in various other
additives, these materials represent only a small fraction oft  he overall drilling fluid volume
(Neft 2008, Neft 2010). Most water-based drilling fluid additives are not bioavailable, are non-
toxic, and/or are used in such small amounts that they are not prese nt at high enough
concentrations to contribute significantly to toxicity (Trefry a nd Smith 2003, Neff 2008).
Cadmium (Cd) and mercury (Hg) limitations are specified by Pe  rmit No.: AKG-81-2800 and
limit the stock barite concentrations to 3.0 and 1.0 mg/kg (ppm), respectively.

The entire water-based drilling fluid formulation goes through ext ensive toxicity testing and is
verified to not exceed EPA’s toxicity requirements (EPA 1993, EPA2 000, EPA 2006, EPA
2012a, b) prior to use. The results of these toxicity tests are provided in the drilling fluids plan.

The manner in which the drill rig is operated and the nature of the geological formation may
contribute chemical constituents to the water-based drilling flui d as the hole is advanced through
the natural stratigraphic sequence. As such, naturally occurrin g oil, condensate, and/or gaseous
hydrocarbons may become entrained in the fluid. Both metals andh  ydrocarbons generally are
bound to clays or humates which limits their bioavailability (Neff 2010).

2.2.3. Discharge Streams

Anticipated drilling discharge streams from the drill rig are listed in the NOI. Water-based
drilling fluids, drill-cuttings, and cement discharges are typic ally discharged intermittently
during drilling operations.

During drilling, there may be one or more bulk water-based drilli ng fluid discharges that occur

over varying time periods. These brief water-based drilling fluid discharges and the more
frequent, lower-rate discharges of drill-cuttings will be relea sed below the sea surface.
Depending on prevailing oceanographic conditions, these discharges may or may not be visible
from the rig or any vessels in the vicinity. The water-based dr illing fluid and drill-cuttings

plumes will dilute to background levels mainly through the settling of  the solids onto the sea
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floor (Neff 2010). Modeling efforts conducted specific to the Shell ex ploratory drilling program
also demonstrate rapid dilution of discharges to background levels.

The largest drilling discharge by volume will be drill-cuttings . When discharged to the ocean,
water-based drilling fluids and drill-cuttings, which are slurri es of particles of different sizes and
densities in water containing dissolved inorganic salts and low level s of organic chemicals, form
a plume that dilutes rapidly as it drifts away from the discha rge point with the prevailing water
currents (Figure 3).

The water-based drilling fluids and drill-cuttings discharge under goes dispersion, dilution,
dissolution, flocculation and settling in the water column. Most dissolved components, such as
sodium chloride, exiting the system continue to dilute rapidly by tur bulent mixing (eddy

diffusion) of the receiving waters (Neff 2010). The water-based d rilling fluids and drill-cuttings
plumes are expected to partition into two phases: (1) a dense, rapidly -settling particulate solids
phase (~90% of total mass of mud and cuttings solids), and (2) an upper-wa ter-column, slowly-
settling phase containing fine-grained (clay-size) particles and dissolved ingredients of the
discharge (~10% of total mass; Neff 2010). Because of the shallow water depth at the drill sites
and the distance between the bottom of the disposal system and the se afloor, the two plumes will
be co-mingled, with the larger, denser particles settling to t he sea floor nearer to the rig than the
fine particles. Fine-grained particles (clays) in the upper plume  will remain suspended at or
below the discharge depth (the plume water will have a salinity a nd density similar to or higher
than that of the ambient seawater) or settle slowly and be carr  ied away in the direction of the
mid-depth currents.
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Figure 3: Dispersion and fates of water-based drilling fluids and drill-cuttings ©llowing discharge to the
ocean (Modified from Neff 2010). The water-based drilling fluid often foims two plumes, an upper plume
containing fine-grained unflocculated solids and dissolved components of the fluid, and a lower, rapidly-
settling plume containing dense, larger-grained particles, including cuttings, and flocculated clay/barite
particles. The call out circle in the figure demonstrates that drilling fluids (temed “muds” in the figure)
coat the cuttings particles. The rectangular call out in the figure depicts the reduction in oxygen
concentration if sediments become anoxic as a result of discharge deposition.

The denser particles in the settling plume will sink quickly as they drift away from the discharge
site, with the rate of sinking depending on particle size and density relative to seawater density at
different depths in the water-column. The density of seawater incr  eases with increasing depth
(pressure) and salinity and with decreasing temperature. The continuous  phase of both the gel
water-based drilling fluid that will be used to drill the upper ( wider) hole and the inhibitive
polymer water-based drilling fluid that will be used to drill the deeper (narrower) sections of the
well is a sodium chloride brine that will be denser than seawa ter; thus, the water-based drilling
fluid plume will sink. Water-based drilling fluid and drill-cutting s particles may accumulate at a
water depth where the density of the water and particles 1s the same.

11
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2.2.4. Modeling Results

2.2.4.1. Dispersion and Deposition Modeling for Discharge 001 and Discharge 013

i

o
.

e

Ot

This information was then used to help guide the technical approach and s ample design for both
plume monitoring and sea floor sampling as described in Sections 3.2.4.2 and 3.3.1 of this EMP.
The modeling reports for each scenario (Fluid Dynamix, 2014a-h) are al so provided as Appendix
B to the EMP.
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2.2.4.2. Temperature Associated with Non-contact Cooling Water (Discharge 009)

Numeric modeling for the thermal dispersion was conducted using the US EPA Dilution Models
for Effluent Discharges — Visual Plumes (4 " Edition) to characterize the impact on ambient sea
water temperature associated with the non-contact cooling water discharges (Permit No.: AKG-
28-8100, Discharge 009). The modeling was performed for both a mean current (7 cm/sec) and a
maximum current condition (25 cm/sec). The drillship Noble Discover er will discharge
approximately 107,300 barrels per day (bbl/day) of the non-contact cooling water from  six (6)
different outlets located on this drillship. The drill rig Polar P ioneer will discharge approximately
21,385 bbl/day of the non-contact cooling water from a single outlet located on this drill rig.

The thermal dispersion simulations were performed using the eff luent and ambient data for the
planned drilling period. The planned drilling period is within the open wat er season of July
through October. The direction of the discharge was assumed to be  aligned with the prevailing
current direction for the modeling purpose since the current bends the plum ¢ in the direction of
flow (Frick 2003). The modeling assessment evaluated the volume of se  a water that would be
elevated 0.05 °C above the ambient sea water temperature. Discharged non-contact cooling water
temperatures that were modeled ranged from approximately 4 to 16 °C . The duration of the
discharges was input to be 24 hours per day during the drilling operationa 1 period. Sea water
temperature varies in the model from 4 °C at the surface to - 0.5 °C at the sea floor.

For the drillship Noble Discoverer, the Visual Plumes model predicted that the maximum plume
depth would be 5 m with a maximum plume width at 54 m, and the maxim um distance from the
drill rig to be 218 m. The length of time for the plume to cool withi ~ 1n 0.05 °C of the ambient

temperature after the cessation of the discharge was predicted to be 56 minutes; and the total area
?ffeted by the discharge w

i

ey e

the six (6) different outlets located on the drillship Noble Discove rer or the single outlet on the
drill rig Polar Pioneer.

Similar to the modeling output for drill fluids/cuttings, this informa tion was used to help guide
the technical approach and sample design for both plume monitoring as de  scribed in Sections
3.2.4.2 of this EMP. The modeling reports for each scenario (Fluid Dynam 1x, 20141,)) are
provided in Appendix C to the EMP.
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3. OVERALL TECHNICAL APPROACH AND SCOPE

The EMP technical approach and scope described below has been developed to achieve the
objectives required by the four assessment Phases (I, II, III, and IV) as described in Permit No.:
AKG-28-8100 and shown in Table 5. The technical approach and scope presented appl y to any
wells drilled in the Burger prospect utilizing any drill rig.

Table 5: Summary of four EMP Phases required by Permit No.: AKG-28-8100. [Permit Section

II.A13.c]
Mee, . Cwvesew

I Baseline site characterization

II Dyring active drilling
I Pgst-drilling
IV Np later than 15-months after drilling operation s cease at a drilling site

The Phase I assessment requires a physical site characterization which includes:

1. An initial site physical sea bottom survey to ensure the drilli ng site is not located in or
near a sensitive biological area or habitat. [Permit Section IL.A.13.f.1]

2. Physical characteristics: surface wind speed and direction, curr ent speed and direction
throughout the water column, water temperature, salinity, depth, and turbidity. [Permit
Section I1.A.13.1.2]

3. Receiving water chemistry and characteristics to include dissol ved metals, pH,
turbidity, total suspended solids, total aqueous hydrocarbons, and total aroma tic
hydrocarbons. [Permit Section 11.A.13.f.3]

4. Benthic community structure; infaunal and epifaunal invertebrates, bi valves, and
crustaceans. [Permit Section I1.A.13.f.4]

The Phase 1T assessment will be conducted during drilling activities and includes:

1. Effluent toxicity characterization; rapid automated toxicity t esting system as an initial
screening method; whole effluent toxicity if initial screening method shows potential
toxicity: or once per well if the discharges exceed 10,000 gallons duri ng any 24-hour
period and if chemicals are added to the system. [Permit Section I1.A.13.g.1]

2. Water-based drilling fluids/drill-cuttings (Discharge 001) plume monitoring and
observations for potential marine mammal deflection during periods of di scharge
[Permit Section I1.A.13.j.4] and Non-contact cooling-water (Discharg ¢ 009) plume
observations for potential marine-mammal deflection during periods o f discharge
[Permit Section 11.A.13.g.2]

3. Water-based drilling fluids /drill-cuttings metals analysis. [Permit Section I1.A.13.j.1]

15
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4. Plume monitoring and observations: sample and assess metals, orga nics, turbidity, and
total suspended solids. [Permit Section I1.A.13.j.4]

Phase III and IV assessments are conducted following the completion  of drilling activities at a
drilling site. Phase Il components will be conducted as soon as prac  ticable immediately after
drilling [Permit Section I11.A.13.h.2] and include:

1. Physical sea bottom survey; areal extent and depth/thickness of sol 1ds deposition
caused by Discharges 001 and 013. [Permit Section I1.A.13.h.1]

2. Sediment characteristics and discharge effects: chemistry, grain size, pollutant
concentrations. [Permit Section 11.A.13.}.2]

3. Benthic community bioaccumulation monitoring. [Permit Section 11.A.13j.3]

Phase IV assessments will be conducted no later than 15 months after drilling operations cease at

a drilling site [Permit Section I11.A.13.¢c] and include all components from the Phase I
assessment with the addition of evaluation of the benthic community st ructure. [Permit Section
M.A.13.i2]

3.1. Phase I Assessment; Use of Data from Previous Studies

Permit No.: AKG-28-8100 requires a baseline site characterizat ion to be conducted as part of the
Phase I assessment; however, Permit No.: AKG-28-8100 allows for data  collected under other
agency requirements or by industry lead efforts within the most r ecent 5-year period, at or in the
vicinity of the drill site location, to be submitted for consideration of meeting this requirement.
This section, in conjunction with Appendix A, demonstrates that sufficient data exist throughout
the northeast Chukchi Sea to serve as a replacement for the baseli ne characterization assessment
required for Phase I sampling at drilling locations within the Burger study area.

A substantial amount of baseline science and site characterization data exists for the Chukchi Sea
OCS as a result of extensive, multidisciplinary research progr ams (both industry and
government) that have been conducted. Data collected over the past five to six years exist for the
Chukchi Sea from two large, comprehensive multi-year baseline study programs.

The Chukchi Sea Offshore Monitoring in Drilling Area: Chemical and Benthos (COMIDA CAB),
a Bureau of Ocean Energy Management funded study, collected chem ical and benthic-ecology
data for two years in 2009 and 2010. An extension of COMIDA CAB—Hanna Shoal Ecosystem
Study, a 2-year program begun in 2012, collected chemical and benthic-ecology data in 2012 and
2013. The COMIDA CAB sampling stations in the northeastern Chukchi Se a are shown in
Figure 4.

The Chukchi Sea Environmental Studies Program (CSESP), http://www.chukchiscience.com, a
joint industry-funded study begun in 2008, has collected a diverse and mult i-disciplinary dataset
since its inception. CSESP studies pertinent to Phase I include ¢ = nvironmental chemistry and
benthic ecology, as well as physical oceanography, and marine ma mmal surveys. CSESP data
were collected at three 30x30 nautical mile blocks that assured co verage of the Shell,
ConocoPhillips, and Statoil lease blocks. Only the Burger study ar ea stations (along with some

16
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contemporaneous stations in the immediate vicinity of the Burger stud y area) are included in the
proposed Phase I dataset (see Figure 4) and presented in Appendix A to this document.

In addition, a discharge monitoring program (DMP) was conducted by Shel 1, in 2012, in which
Phase I assessment-equivalent data were collected at 18 stations around the Burger A drill site.
The DMP stations represent spatially-intensive sampling points and are shown in Figure 4
(insets). These programs (i.e., COMIDA CAB, CSESP, and DMP) ar ¢ a unique combination of
government-funded and industry-funded studies that provide a comprehensive data set specific to
the northeastern Chukchi Sea region, the Burger prospect area, as well as the specific drill site at
Burger A.

Information generated from these programs, representing different geographical parts of the
Chukchi Sea, was compiled and synthesized and is presented in Appendix A. Data analyses were
conducted to determine variability within and among data sets from the same region and to
establish that historical data from this large geographical a rea is predictive of current baseline
data at site-specific locations. The Appendix A summary clear  ly demonstrates that existing
information and data are sufficient to characterize baseline condit ions as required in Permit No.:
AKG-28-8100. The data comparison also indicates that the spatially int ensive sampling
conducted at the Burger A drill site in 2012 (Shell DMP) are simi lar to the data from the larger
Burger prospect (i.¢., data from CSESP and COMIDA-CAB). This indic ates homogeneity in the
Burger region and demonstrates that additional Phase I drill site  specific information does not
need to be collected. Moreover, there have been no sensitive biologic al areas or habitats
identified in the Burger prospect. Appendix A also provides additional ba  seline data, sediment
characteristics and benthic community bioaccumulation monitoring, to com pare to future data
collected as part of the Phase I and IV assessment of the EMP.

All Phase I components are addressed in Appendix A with the excepti  on of a subset of the full
suite of dissolved metals (Permit Section I1.A.13.£.3. Table A) and hydrocarbons for the receiving
water characterization. Some of the metals have not been analyz ed prior to the release of Permit
No.: AKG-28-8100 because metals such as titanium are not generally included in these types of
analyses due to their limited environmental significance. Therefore  , to comply with the full
extent of the receiving water requirements in Permit No.: AKG -28-8100, remaining Phase I data
(i.e., water samples) will be collected immediately prior to or during the Phase II sampling
activities. Samples will be collected at reference stations located outside the expected/modeled
deposition from the drilling operations.
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3.2. Phase II Assessment

The objective of the Phase II assessment is to characterize,  to the extent possible, the physical
and chemical concentrations throughout the discharge-affected water column and discharge
plume. The Phase IT assessment will be conducted during drilling activities and includes:

1. Effluent toxicity characterization [Permit Section I1.A.13.g.1];

2. Water-based drilling fluids/drill-cuttings (Discharge 001) plume m onitoring and
observations for potential marine mammal deflection during periods of di scharge [Permit
Section I1.A.13.j.4] and Non-contact cooling-water (Discharge 009) plume obs  ervations
for potential marine-mammal deflection during periods of discharge [P ermit Section
LA 13.g.2];

3. Water-based drilling fluids/drill-cuttings metals and hydrocar bon analysis [Permit Section
I.A.13j.1]; and

4. Plume monitoring and observations [Permit Section 11.A.13.j.4].

Of these four required components, effluent toxicity characterizat ion and plume monitoring and
observations (e.g., sensor and visual) require the most intensive sa mpling and analysis. The
metals and hydrocarbon analysis of the water-based drilling flui  ds/drill-cuttings will provide
information on chemicals that might be associated with the discharge which will help inform the
analysis of samples collected during the plume monitoring component. The results from each of
these four required components, taken together, will be used to evaluat ¢ any potential water-
column impacts from the exploratory drilling activities. The follow  ing sections describe the
scientific approach for each component.

3.2.1. Effluent Toxicity Characterization

Development of the initial toxicity screening method is critica 1 to effluent toxicity
characterization because this will dictate whether whole efflu ent toxicity (WET) testing is
triggered for certain discharges. Thirteen different discharge s treams are defined in Permit No.:
AKG-28-8100, six of which require toxicity characterization as part of permit compliance. The
six discharges are deck drainage (002), desalination (D00S5), boiler blow-down (D007), fire
control test water (D008), non-contact cooling water (D009) and bilge ( DO11). If there are
multiple discharge points for a single discharge stream, a sample will be collected for each.

Toxicity characterization will consist of an initial toxicity screening process using 100 percent
effluent at four different time periods in accordance with Pe  rmit No.: AKG-28-8100 section
I.A.13.g.1.1. If effluent samples fail the initial toxicity sc reen, as defined by the toxicity testing
threshold limits established for this program and described in the pr oject-specific quality
assurance project plan (QAPP), then WET will be conducted using thre e different species of
organisms, including the topsmelt, Atherinops affinis (or M. beryllina,  depending on
availability), the mysid shrimp, Americamysis bahia , and the purple sea urchin,
Strongylocentrotus purpuratus . The methods for WET testing are provided in established EPA
procedures outlined in Short-term Methods for Estimating the Chronic Toxicity of Effluents and
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Receiving Waters to Marine Organisms (EPA-821-R-02-014 Fourth Ed.) and the ~ Short Term
Methods for Estimating the Chronic Toxicity of Lffluents and Receiving ~ Water to West Coast
Marine and Estuarine Organisms (EPA/600/R-95-136).

Upon receipt of the toxicity samples at the laboratory, water qual ity characteristics will be
measured, depending on the particular requirements as laid out in the standard operating
procedures (SOPs). For example, temperature, salinity, pH, and dis solved oxygen will be

measured. These data can then be used to assess whether physica l/chemical conditions were
similar between the initial toxicity screening test and (in the event that a positive initial toxicity
screening result is obtained) the WET test. A split of the eff luent samples will be collected for
chemical analysis at the time of sampling. This sample wil 1 be submitted to the selected
analytical laboratory for analysis and 1s not a part of the biological testing program.

Water quality conditions for imitial toxicity screening and WET testing samples (including
temperature, salinity, pH and dissolved oxygen) of each discharget  ype will be measured to
confirm optimal testing conditions are created prior to the addition o f test organisms. The
process for adjusting effluent solutions to testing conditions is desc ribed in the technical
laboratory methods section of this document. This process is required in the EPA-approved
methods in order to adjust sample conditions to match the optimal condit ions for each test
organism. A brief description of each discharge type is provided below  with considerations for
the required toxicity testing. If any discharge systems draw  their water source from the natural
seawater, it is possible that organisms may be present in those samples. If natural seawater is part

of the discharge stream, those samples will be inspected and, if necessary, screened prior to
testing.
Discharge 002: Deck Drainage — Deck drainage is the wastewater associated with washing

platforms, decks, and equipment, and runoff from curbs, gutters, pans and wa sh areas from the
deck of the drillship or drilling rig. Permit No.: AKG-28-8100 requir es deck drainage systems to
separate drains associated with oil and grease wastewater f rom wastewater not in contact with
surfaces containing any oil or grease. The wastewater associ  ated with oil and grease drains is
processed through an oil-water separator prior to discharge into the = Chukchi Sea. The effluent
discharged through the oil-water separator will be tested four times during the drilling of the well
using the initial toxicity testing screening method described in ~ the QAPP. The salinity of the
discharge will be measured and, if necessary, adjusted with brine s olutions or artificial sea salts
to testing conditions suitable for marine organisms.

Discharge 005: Desalination — Effluent discharges associated witht  he creation of fresh water
from seawater are likely to be high concentration brines simila r to seawater in chemical
composition but with higher concentrations of anions and cations. The potential high saline
conditions of this discharge type may require a reduction of salini ty to conditions that are
conducive to the tolerant range of test organisms for both initial toxi city testing screen and the
WET test.

Discharge 007: Boiler Blowdown — The materials inside the boiler drum s, including water and
solids, are discharged periodically to minimize solids buildup in the boiler units. It is likely this
discharge will be fresh water and contain some amount of solid mat erials. If necessary, the fresh
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water will be adjusted with brine solutions or artificial sea s alts to salinity conditions conducive
to test organism survival using the guidance provided in the EPA-appro  ved methods for both
initial toxicity testing screen and the WET test.

Discharge 008: Fire Control System Test Water — This dischar ge is created from seawater
released during fire training exercises, and testing and mainte nance of fire protection equipment.
If necessary, the salinity of the fire control system test  water will be adjusted to within testing
parameters prior to the addition of test organisms.

Discharge 009: Non-contact Cooling Water — Non contact cooling water is uncontaminated,
heated seawater created when cold seawater is used to cool mac hinery on the drill rig. It
represents the highest volume of discharge authorized under Permit No.: AKG-28-8100. If
necessary, the salinity of the non-contact cooling water will be a djusted to within testing
parameters prior to the addition of test organisms.

Discharge 011: Bilge Water — Bilge water drains into the dril  ling vessel hull and is processed
through an oil-water separator. Aquatic organisms may exist in t he bilge water discharge.
Samples will be visually inspected using a light table to determi ne if organisms are present in the
effluent. If organisms are observed, the effluent will be passed  through a Nytex™ screen large
enough to capture the organisms prior to the start of any testing.

3.2.1.1. Rapid Screening Test

The rapid screening toxicity testing process is designed to se  parate effluent discharge samples
requiring further toxicity testing from those that do not. Rapidity and sensitivity are two
important features of the rapid screening test in order to be a useful tool in achieving water
quality goals. There are a number of biological methods that have bee n developed over the years,
with exposure times ranging from less than 1 hour up to 96 hours. The most preferable screening
tools for this effluent testing program are those that can be ac  complished rapidly (<lhr), such
that the sample water, for a WET test if triggered, will  still be within the required holding time.
This criterion reduces the potential marine screening tools to t he Microtox™ test and the
echinoderm fertilization test. Table 6 provides general descriptions of potential screening tools,
exposure period and method citation.
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Table 6: Summary of example rapid screening tools with exposure times of <24hr.

Test Name Description of Test Puranan Method Reference
(hours)

T,

ED_5260365-000000337

Microtox™ - water assay Blioluminescent bacteriause d to 0.25/0.50
detect toxins. Amount of light . . .
Microtox™ sediment emitted during exposure provides (marine or Microbics
icrotox™ sedimen i
assay indication of toxicity compared to 0.25/0.50 |freshwater) Corporation 1992
control.
Echinoderm eggs and sperm are
Echinoderm Fertilization- |combined and the percent of 0.40 EPA, 2002 -
water assay fertilized eggs is an indication of ’ 1008.0 (marine)
toxicity compared to control. Lee et al. 1999
Brine shrimp exposed to effluent.
Artotox Toxicity indicated by percent 24 EBH procedure
. (marine)
survival compared to control.
wikSed (dinoflagellate)- |Bi i i
Qd' ( g )- | Bioluminescent dinoflagellates 24 SeaLife NFESC TDS-
sediment assay used to detect toxins. Reduction or
Lite (i inhibition in light used to indicate Instruments, ~ 12077-Env, Feb
QwikLite (dinoflagellate) 1b1 24 Florida (marine) | 2000
- water assay toxicity.
Bacterium E. coli grown in solid
Toxi-ChromoPad — material. If sample is toxic no color
. . . . 1.5
sediment assay will develop. If sample is toxic a
blue color develops.
Fresh p Lee etal. 1999
Thamnocephalus reshwaer cr.u.smc.ear.l exposed to EBPI procedure
effluent. Toxicity indicated by
platyurus- water or . 0.5t 1 |(freshwater)
: percent survival compared to
sediment
control.
Rototox — water or Rotlf ors ;xpgsed to effluent. ASTM, 1991 E
3 Toxicity indicated by percent 24
sediment ) 1440-91
survival compared to control.
Microtox "™ was initially considered as the preferred rapid screen method. Based on further

review, as described below, Shell has determined that the echinoderm fertilization water assay is
a more suitable and reliable method. A comparison of the Microtox™ tes  t and the echinoderm
fertilization test was conducted by Environment Canada (Buday 2001). The relationship between
Microtox™ responses and the echinoderm percent fertilization succe ss were not well correlated.
The data from this study was graphically compared and is illustr ated in Figure 5. Overall
conclusions from the review indicate:

¢ Microtox™ responses in water exposures had no measureable responses
samples tested.

or any of the

¢ Microtox™ responses for the solid-phase test had significant reductions in light that occurred
over a broad range from an inhibitory concentration that affects 50%  of a test population
(ICs0) 0f 526.9 to 13,080 mg/L (~25-fold).

o Solid-phase Microtox™ responses occurred in samples that showed no sig  nificant

response using the echinoderm test.
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o Acceptable echinoderm fertilization occurred over t he entire solid-phase Microtox™
response range (526.9 to 13,080 mg/L) as shown by the blue shaded box in Figure 5.

o Conversely, negative responses from the echinoderm fertilization test showed a range
of responses for the Microtox™ test with IC 5o values occurring at <4,000 mg/L but
not for all Microtox™ samples with these same response levels.

¢ There was no negative response for Microtox™ for th e water exposure (this result was

assumed to invalidate the test as an acceptable can didate for this environmental monitoring
program).

Comparison of Microtox and Echinoderm Fertilization
14000

12000

10000

8000

6000

Microtox 1C50

4000

2000

0 20 40 60
Percent Fertilization

Figure 5: Graphical illustration showing inhibitory concentration that affects 50% of a test population
(Microtox™) vs. percent fertilization in echinoderm fertilization test.

In addition to the observations by Buday (2001), a number of studies reported the interference of
other environmental parameters, for example element al sulfur and surfactants, on the
interpretation of the Microtox™ solid phase results  (Jacobs et al. 1992, Pardos et al. 1999,
Sherrard et al. 1996). Microtox™ responses in treat  ed and untreated effluents were found to
show similar results (Dorn et al. 1989). Literature reviews of the apparent toxicity as measured
by Microtox™ exhibit wide ranges. For example, Tous  sant (1995) found that metal toxicity
measured by light output using Microtox™ (ICsy) varied by orders of magnitude (e.g., Zn 0.44 to
476 mg/L; Cu 0.076 to 25 mg/L; Cd 11.6 to 416 mg/L) , with a small difference for unionized
ammonia ranging from 1.49 to 2 mg/L. Similarly, New Fields (2009) conducted experiments to
determine the influence of holding times on the amo unt of light output and found that the longer
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a sample was held within acceptable holding times and under acceptable temperatures, the higher
the incidence of effect on light output; these results appeared to be  associated with sulfides and
ammonia. Based on the comparison results provided above, the echinoderm ferti lization test will
be used as the rapid screening tool for this EMP.

Three echinoderm species will be included in the testing guidelines  for Permit No.: AKG-28-
8100 in order to meet windows of reproductively appropriate time frame s. The species would
likely include the sand dollar ( Dendraster exceniricus ) and the sea urchins ( Strongy locentrotus

pL/tfpumtus ar}/c} Lytechmus/ ana@esus) ///W ma //f//( % “these s /f{// / //////////////z
, . . a%f -

ert1hzat10n test is an EPA-

approved method (EPA/600/R 95/ 136)

If the mitial toxicity screening test indicates the effluent response is above the toxicity threshold
or if discharges exceed 10,000 gallons in a 24-hour period and if chemical s are added to the
system, additional WET will be conducted following established EPA  methods as described in
section 3.2.1 of this document. The methods for WET testing, which include seven-day Topsmelt
larval and survival growth test, seven-day Mysid shrimp survival, growth, and fecundity test, and
a 72-hour Purple sea urchin larval survival and development test, are well established (EPA-821-
R-02-013 and EPA/600/R-95-136). Additionally, EPA SOPs already exist for each test. Thus the
toxicity thresholds associated with all of the WET testing compone  nts are already defined by
these existing, validated methodologies. Additional information and detail on WET testing can
be found in the project-specific QAPP.
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3.2.2. Water-based Drilling Fluids and Drill-Cuttings (Discharge 001) and Non-contact
Cooling Water (Discharge 009) — Marine Mammal Deflections

3.2.2.1. Marine Mammal Monitoring Program Overview

Shell operates an extensive integrated marine mammal monitoring pr ogram in compliance with
the Marine Mammal Protection Act (MMPA) during all explorati  on activities '. In accordance
with the MMPA, applicants for an Incidental Harassment Authorizat ion (IHA) or Letter of

Authorization (LOA) from the trustee agencies, the National Mari ne Fisheries Service and U.S.
Fish and Wildlife Service, are required to develop and implementa  monitoring and mitigation
plan. The agencies evaluate these plans through a process of independent peer review and public
review prior to authorizing proposed activities. Although the IHA and LOA that will cover

proposed 2015 drilling operations along with the associated monitoring progr am is not yet
available, it is anticipated that the monitoring program will be ef fectively the same as that
implemented in 2012.

A full description of this program and results from 2012 can be found at
htto://www.nmfs.noaa.cov/pr/pdis/vermits/shell 90davreport draft2012 pdf.

In summary, the Shell monitoring and mitigation program includes three integrated components:

1. A vessel-based observer program under which protected species observers  (PSOs) on all
vessels maintains watch for marine mammals. The PSOs have dua 1 duties to implement

any needed avoidance or mitigation measures and to record data on obse rvations,
including species type, location, behavioral activity, and orientation toward drilling
activities.

2. An aerial based program under which digital imagery is collect ed over the area of drilling
activities to assess the distribution of marine mammals during different operational
periods; and

3. An acoustic program under which industry sounds and marine mammal ca lls are recorded
and can be analyzed for distribution and reaction to drilling related activities.

This integrated program, particularly the aerial and vessel-bas ed components, provides a good
understanding of the relative distribution of marine mammals in prox  imity to drilling related
activities, and the portion of the population of each species that could potentially be within a
range of exposure to drilling related discharges. Correlation of the marine mammal distribution
data with records of discharge timing and location should allow for a ssessment of whether

'The primary regulation of activities related to marine mammals is the responsibility of the National Marine
Fisheries Service (NMFS) and the Fish and Wildlife Service (FWS). Shell’s marine mammal monitoring program as
outlined herein, or referenced in other locations, is being supplied as part of the requirement for an Environmental
Monitoring Program, specifically sections I1.13.g.2 and j.4 associated with non-contact cooling water, drilling fluids
and drilling muds as outlined in General Permit AKG-28-8100. The submittal of this program is in order to meet the
requirements associated with those permit sections, specifically having to do with marine mammal observations
during those times of discharge only. Program submittal, nor any reporting provided to EPA as a result of the
program, does not act to confer on, or subject the program to, EPA jurisdiction outside of those specific areas, and/or
in conflict with any jurisdiction by NMFS or FWS.
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changes in marine mammal behavior related to drilling related di scharges can be detected. It
should be recognized, however, that discharge of drilling fluids/cutting s (D001) and non-contact
cooling water (D009) is only one of several factors (e.g. sound, proxi mity of other vessels, and
non-anthropogenic variables) that may contribute to, or independently cause  , such perceived
reactions. Additionally, the area affected by the discharges wil 1 be smaller than those from
several of the other drilling related factors that might infl uence behavior. In particular, the
propagation of underwater sound from the drilling and related activit ies has been shown to cause
behavioral reactions in marine mammals, including avoidance (Richardson et al. 1995).

Some species of marine mammals, whales in particular, are known  to avoid or deflect around
anthropogenic disturbances in some instances. The extent to which avoidanc e occurs, or the size
of the effect zone associated with the activity, typically de  pends on a combination of factors
rather than a single, isolated variable (LGL et al. 2014). Mari ne mammal behavioral reactions to
anthropogenic activities can be influenced by factors including unde rwater sound levels, distance
to the sound source or activity, behavioral state of the individual when i t encounters the activity,
life history stage, and proximity to a food source. Shell’s marine mammal monitoring and
mitigation program is designed to investigate how marine mammal s react to drilling related
activities; however, despite the most rigorous of monitoring methods, r eactions may not always
be attributable to a single cause.

As noted above, the size of the area in which marine mammals may  encounter drilling-related
discharges is relatively small in comparison to other potential ¢ ffect zones, including the area of
increased underwater sound levels from drilling activities. Forex  ample, discharge modeling
(Fluid Dynamix, 2014c) estimated the concentration of total suspended sol  ids (TSS) discharge
associated with drill fluids/cuttings (D001) from the Noble Discover er would reach
concentrations of less than 15 mg/l within approximately 1,000 meters from the discharge point.
Similarly, modeled (Fluid Dynamix, 20141) estimates of the therm  al plume from non-contact
cooling water discharge (D013) reaches ambient water temperat ure within approximately 200
meters from the discharge point.

By comparison, bowhead whales have been known to avoid numerous offshore Arcti ¢ drilling
operations at distances of 10 to 20 kilometers. These documented avoida nces of active drilling
rigs in the Beaufort Sea were largely believed to be in res ponse to underwater sound (Richardson
et al. 1985; LGL and Greeneridge 1987; NMFS 2008). Therefore, the potent ial effect zones from
drilling related sounds are considerably larger compared to those f rom discharged muds/cuttings
or thermal plumes, and may actually preclude the potential for mar ine mammals to encounter a
discharge plume and exhibit an avoidance reaction to it. Nonetheless, Sh  ell will collect several
data streams, described below, that will be useful for assessi ng whether drilling related
discharges can be correlated with any such deflection behavior.

3.2.2.2. Vessel-Based Monitoring

The visual monitoring methods that are employed during vessel based m onitoring are similar to
those used during geophysical marine surveys in 2006-2013 and to those empl oyed during
drilling related monitoring in 2012. PSOs are typically stationed on the bridge or from a position
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on the vessel that allows safety and effects zones (also refer red to as disturbance zones) to be
monitored for marine mammals. PSOs are on active watch during ne arly all daylight periods and
during the night if required. Depending on the vessel, watches are  conducted with the unaided
eye and/or specialized monitoring equipment. For each marine mammal sighting, specific
information (e.g. species, behavior, heading, reaction,) is recorded. All marine mammal sightings
are recorded by PSOs, regardless of vessel activity or st atus of the drilling operation.
Environmental effort data (ship’s position, sea state, ice cover, vis ibility) is also collected. Effort
data are recorded at the start and end of each observation watch, eve ry 30 minutes during a
watch, and whenever there 1s a change in any of those variables . Figure 6, which illustrates the
distribution and relative amount of vessel-based PSO monitoring effor t from Shell’s 2012
Chukchi Sea drilling program, shows intensive monitoring effort at and  directly adjacent to the
drill site. PSOs on the EMP vessel(s), as part of their duties, will record the presence and
behavior of any encountered marine mammals in the vicinity of the drill rig.

Vessel-based PSO data will be analyzed following the end of the d rilling season to isolate
periods that correspond with discharge activities. The analysis will involve a comparison of
marine mammal distribution data from periods with and without discharge s to look for potential
avoidance/deflection during times of discharge. Data collected by PSOs aboard the dedicated
EMP vessel in the vicinity of the discharge plume will be valua ble for comparing marine
mammal distribution between periods of discharge and no discharge, parti  cularly for seals as
they are observed frequently near vessels and drill rigs.

1w 180°00"W.

TOO0N
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Burger Exploratory Drill Site

*
D 25 wile Buffer

2012 PSSO Effort (hous
. . | 1600

1TO0OW 160°0'0"W

Figure 6: Distribution and amount (in hours) of vessel-based PSO monitoring during Shell’s2012
Chukchi Sea exploratory drilling program. Areas of intensive monitoring included the drill site and
discharge location, transit routes, and a standby location between the drillsite and Wainwright.
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3.2.2.3. Aerial-Based Monitoring

Aerial surveys of marine mammals in the Chukchi and Beaufort se as were conducted in 2006—
2008, 2010 and 2012 in support of the exploration programs. The aerial survey compone  nt is
designed to provide a systematic assessment of the distribution of marine mammals in areas
within and adjacent to drilling operations. Of particular interest  is an assessment of bowhead
whales during their annual fall migration through the Beaufort Sea  and Chukchi Sea, and also
beluga whale and Pacific walrus distributions throughout the survey area. The specific objectives
are to:

¢ Collect and report data on the distribution, number, movement and behavior of  marine
mammals near the exploration operations with special emphasis on mi  grating bowhead
whales;

¢ Support regulatory reporting requirements related to the estimati on of impacts of
exploration activities on marine mammals; and

¢ Investigate potential deflection of bowhead whales during migrat  ion by documenting
how far from exploration activities a potential deflection may oc cur, and where and when
whales return to normal migration patterns.

High-definition digital still and video cameras are installed a board survey aircraft for use during
flights. Aerial photographic surveys using these cameras and high-d efinition video are flown by
a pilot and co-pilot over the Burger prospect area in the Chukchi Se a. The incorporation of
marine mammal sightings data from digital imagery is part  of ongoing efforts to develop and
validate technology for use in unmanned aerial systems in future years.

The offshore survey grid is designed to cover a circular area wit ~ h a radius of 45 km (28 mi)
around the exploratory drill site as shown in Figure 7. Transect spa cing is stratified to maximize
coverage in potential effect zones, including areas where drilling r  elated discharges will occur.
Intensive sampling over a potential effect zone increases the |  ikelihood of being able to detect
such an effect if one exists or occurs. The spacing of the oute r survey lines is 10 km (6.2 mi) and
the spacing between the intensive lines is 5 km (3.1 mi; Figure 7) . Total length of the
photographic survey transects is approximately 1000 km (621 mi) and t he exact length depends
on the location of a randomly selected start point. Still camer as on each side of the aircraft take a
photograph once every three seconds, which results in a total of approxima  tely 12,000 images
per survey.

Aerial photographic data will be filtered and analyzed in much the same fashion as vessel-based
PSO data described above to assess the potential for avoidance/deflec tion of drilling related

discharges by marine mammals. Plume discharge may be detect able in the photographic images.
Such images will be pooled with those taken in surrounding areas and als o with vessel-based

PSO observations from the same time periods. A comparison of the mar ine mammal
distributions during periods with and without discharge plumes present in t he images will
contribute to assessing whether drilling related plumes correlate w ith localized avoidance

associated with drilling operations.
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Figure 7: Offshore aerial photographic survey transect locations and general survey pattern for the
eastern Chukchi Sea. Stratified sampling with intensive survey effortover the well sites is designed to
investigate potential impacts (effect zones) to marine mammals from activities at or near drilling
locations, including discharge plumes.

3.2.2.4. Acoustic Monitoring

The large-scale acoustics program in the Chukchi Sea employs aut onomous acoustic recording
systems deployed on the seabed for extended periods over large are as of the northeastern
Chukchi Sea. An acoustic “net” array, used since 2006, is designed to acc omplish two main
objectives:

1. Collect information on the occurrence and distribution of marine mammal s (including
beluga whale, bowhead whale, and walrus) that may be available to  subsistence hunters
near villages located on the Chukchi Sea coast and to document their re  lative abundance,
habitat use, and migratory patterns; and

2. Measure the ambient sound levels throughout the northeastern Chukchi Sea and to record
levels of sounds from industry and other activities further offshore in the Chukchi Sea.

The recorders operate at a sampling frequency of 16 kilohertz to capt ure vocalizations from
bowhead, beluga, gray, fin, humpback, and killer whales, as well as walr  uses, seals, and most
other marine mammals known to be present in the Chukchi Sea. Over-wint er recorders have
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been deployed in the Chukchi Sea since 2008 at five sites to monitor lat e fall, winter and spring
distributions of marine mammals.

During the 2012 drill season, acoustic data were acquired with 31 Autonomous Multichannel
Acoustic Recorders (AMARSs) deployed from early August through mid-October throughout the
northeastern Chukchi Sea. Twenty-two AMARs were deployed in aregi  onal array along four
lines extending offshore from Cape Lisburne, Point Lay, Wainwright and Barrow (Figure 8). The
drill location was surrounded by seven AMARs.

1700w 1B5°00"W 1607 00"W
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Figure 8: Deployment locations of hydrophones in acoustic arrays in the eastern Chukchi Sea, Alaska
2012.

The acquired acoustic data were then analyzed to quantify ambients  ound levels, presence of
anthropogenic activity (such as vessels and drilling sounds), and the ac oustic presence of marine
mammals.

Analysis of acoustic data from arrays in the Chukchi Sea addresses the following questions:

1. Determined when, where and what species of animals are acoustical ly detected on each
recorder;

2. Analyzed data as a whole to determine offshore distributions as a function of time;
3. Quantified spatial and temporal variability in the ambient sound levels; and

4. Measured sound levels of exploration activity events.
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The detection data are used to develop spatial and temporal animal det  ection distributions as a
function of different variables (e.g., time of day, season, environmental conditions, and ambient
sound energy and vessel sound levels). The spatial resolution of acoustic data in the Chukchi Sea
around Shell’s drilling program is not designed to detect potential sm  all-scale changes in the
distribution of vocalizing marine mammals around a discharge plume; however, these data are
extremely important for interpreting the broad scale distribution  patterns of marine mammals
when integrated with aerial and vessel-based observations.

3.2.3. Water-Based Drilling-fluids/Drill-Cuttings: Metals and Hydrocarbon Analysis

Samples of water-based drilling fluids and drill-cuttings will ~ be collected during the drilling
operations at two intervals (discussed in Section 3.2.4) by a compliance engineer stationed on the
drilling rig, and then transported to an analytical laboratory to be a nalyzed for metals and
hydrocarbons.

Although only metals analyses are required in Permit No.: AKG-28 -8100, hydrocarbon analyses
will also be conducted on water-based drilling fluids and drill-cutting s to understand source
loading that will inform data analysis components in the post-drilling phases (Phases III and IV).
Hydrocarbons are not typically present in water-based drilling fl uids, but may become entrained
in drilling fluids when drilling through a hydrocarbon zone occurs.

3.2.4. Plume Monitoring and Observations
3.2.4.1. Primary Sampling Time Periods

The objective of the plume-monitoring component is to measure metals , organics, turbidity and
total suspended solids throughout the water column during periods of maximum discharge of
water-based drilling fluid and drill-cuttings (D001). Additionally, the objective is to focus
characterization efforts on areas of expected deposition of water- based drilling fluid and drill-
cuttings based on model predictions. Plume monitoring will also serve as a check/verification of
modeled effluent behavior.

Phase II plume monitoring will be conducted from a vessel configu red to conduct environmental
monitoring. Safety, operational and navigational issues could limit the ability to delineate

plume(s) in the immediate vicinity of the drilling operations. Within these logistical constraints,
efforts will be made to safely locate and sample the plume(s) during the drilling process. In order

to assess potential maximum disch
0 //// W )
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time periods specified above. In the event circumstances arise that would prevent sample
collection, contingency options have been developed to replace the collecti  on of any samples
which are not possible to obtain during the primary time periods. In the event that sea state,
weather, ice, a medical emergency, or other unforeseen factors a re encountered, and to confirm

compliance with Permit No.: AKG-28-8100; the following will be implem  ented as secondary
. 7y e 7 7
options for the %//// primary  pe
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3.2.4.2. Sample Locations and Plume Tracking

The geometry of a discharge plume is directly influenced by the ~ ambient meteorological and
physical oceanographic conditions in the vicinity of the well sit e. Current speeds and turbulent
mixing at different depths in the water-column can have a substantial effect on the dispersion and
deposition rates of discharge-associated solids. Currents within the area of the drill rig should be
horizontally coherent, (i.e. same current velocity over linear dista nce, over distances of 10 to 20
kilometers) (T. Weingartner, personal communication); therefore, the location of the water-based
drilling fluid and drill-cuttings plumes will be tracked by using water column velocity data from
an ADCP and a deployable water column profiler. An ADCP with real  time or near-real time
data-transfer capability will be located on, or in the vicinity of, the drill rig and on the monitoring
vessel to provide information on currents. Water column velocity data fr  om the ADCP will be
used in near-real time to coordinate the deployment of a water col umn profiler, a Sea-Bird
Electronics, Inc., SBE19 (or equivalent) conductivity, temperature, depth ( CTD) unit equipped
with a turbidity sensor (e.g., optical backscatter (OBS))and at ransmissometer. Data from the
turbidity sensors, indicating potential discharge of suspended solids, w ill be used to obtain near-
real time multi-dimensional data on water column conditions. Weather data will be acquired in
the field to further inform sampling activities.
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3.2.4.3. Sample Collection

The CTD unit includes a multiple bottle rosette to collect discre  te water samples. Samples will
be attempted for collection at five different depths in the water  column. General target sample
depths are approximately 1 m (near-surface), 10 m, 20 m and 30 m below the surface of the
water, and 2 m above the bottom of the seafloor. The near-real time ¢ urrent data from the ADCP
and the near-real time water column data from the CTD profile  r will be used to optimize the
location and depth for discrete water sample collection in order to ¢ apture the greatest particle

concentration portion of the plume, when possible. Water samples will be collected for the
following parameters: metals, total suspended solids (TSS) and orga nics (volatile organic
compounds [VOC], total aromatic hydrocarbons [TAH] including xylene s, total petroleum

hydrocarbons [TPH], polycyclic aromatic hydrocarbons [PAH], and sa turated hydrocarbons
[SHC]). Specific analytes and analytical methods are included  in the project-specific QAPP.
Turbidity measurements in the water-column will be collected with a turbidity sensor (e.g., OBS)
and a transmissometer with the CTD attached to the water-sampling rosette.

A summary of the Phase II sampling effort is provided in Table 7. Field observations and/or
analytical data collected during the Phase II monitoring will be used to assess the location of the
plume(s) to reﬁne model inputs, and to help inform the Phase I and IV monitoring efforts,

& i . =
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ISampling water depth may vary depending on in-field measurements of turbidity during plume monitoring,
weather conditions, or operational parameters

2If bulk discharge event occurs

’No separate drill-cuttings samples will be collected because they are not present at significant concentrations in the
bulk drilling fluids.

3.3. Phase III and Phase I'V Assessment

The objective of the Phase III assessment is to assess the dr illing site seabed condition
immediately after drilling is completed. This assessment is  designed such that the information
collected can be used to refine predictions of extent of coverage a  nd thickness of water-based
drilling fluid and drill-cuttings on the sea floor. This information will be compared with results
from the subsequent Phase IV assessment.

The purpose of the Phase I'V assessment is to evaluate conditions of t ~ he benthic environment
over time. The assessment will occur no later than 15 months after drilling operations cease at a
drilling site and will follow the same sampling design (descr ibed below) used for the Phase 111
assessment. The same types of samples will be collected in Phase IV as in Phase I1I, at
approximately the same locations, and collection of the same numbers of samples will be
targeted. However, to measure any potential long-term impacts  to the benthic community as a
result of exploratory drilling operations, benthic sampling will be added as part of the Phase IV
assessment.
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3.3.1. Sampling Design (Phase IIT and IV)

A four-transect sampling design (N, E, S and W) off-set 22.5 degrees in line with the annual
mean current direction will be used unless indicated otherwise by field observations. This
standardized environmental monitoring design, which is used for both oil and  gas exploratory
drilling activities and production operations, is a four by four transec t/radii design in which the
sampling stations are placed at increasing distances from the center (e.g. drill site) and one axis is
located along the dominant annual mean current direction (Olsgard et al . 1995). Sample stations
along the transects will be located at four different radii of 100 m, 250 m, 500 m, and 1000 m
from the drill site location (Figure 10). This sampling design results in a total of 17 stations, 16
of which are determined from each intersection of the four transec ts with each of the four radii.
The 17th sampling station will be in the vicinity of the actual dril 1 site location. For purpose of
this sampling design, these will be defined as sample-design near-field stations.

The transect/radii sampling design proposed for Phase Il and IV as sessment has been used
extensively in the Atlantic Ocean (e.g., Georges Bank regi on [Neff et al. 1989]), the North Sea
(e.g., Norwegian oil exploration and production at Ecofisk, Eldfisk, and othe =~ r Norwegian oil
fields [Gray et al. 1990, Olsgard and Gray 1995, Gray et al. 1999, Ive rsen et al. 2011, The
Research Council of Norway 2012]), and in the Gulf of Mexico (e.g., Gettleson et al. 1981). Ellis
and Schneider (1997), building off the work done by others (e.g., Gray, Hur Ibert, and
Underwood), demonstrated that a gradient sampling design is more power ful than a randomized
control/impact sampling design (e.g., analyzing randomly placed “impa cted” areas vs. “control”
areas). The gradient approach has been shown to allow for an improved dist inction between
natural variability and putative anthropogenic effects (Ellis and Schneider 1997).

A review of the literature on environmental monitoring of exploratory dr illing using water-based
drilling fluid indicates the majority of impacts, including chemica I, physical and biological, from
wells drilled in water depths less than 200 m occur within 500 m from  the drill site (Ellis and
Schneider 1997, The Research Council of Norway 2012, Trefry et al. 2013) . OOC Modeling
conducted for the purpose of designing the EMP plan of study, as discuss ed in Section 2.2.4.1,
indicates this should also be the case for the drilling operations at the Burger prospect.
Consequently, 13 of the 17 (76%) near-field sampling stations are locate d within 500 m of the
well location. By design, there is overlap of the plume-monitoring transect (Figure 9) for Phase
IT with that of the 112.5 degree transect line (Figure 10) for the Phase III and IV sampling
design.
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3.3.2. Initiation of Phase III Sampling

Completion of well drilling will likely not conclude until late Se ptember or early October.
Delays in beginning of the drilling season or other unforeseen circ  umstances may result in the
drilling of only a portion of the well. Phase III assessment wi I be initiated when End of Well is
achieved. End of Well is defined, for purposes of sampling drilling fl uid and drill-cuttings, at the
location where the drill bit is at least 80% of the final well footage (Permit No.: AKG 28-8100,
Section VII. Definitions, p. 74). Therefore, the Phase IIT assessme  nt will not be initiated until
after the well 1s drilled past 80% of PTD. In the event any ot her unforeseen circumstances occur
preventing environmental sampling of data immediately after dri  lling, Shell will immediately
notify EPA in accordance with Permit No.: AKG-28-8100 Section I1.A.13.h.2, and the
appropriate course of action will be determined.

3.3.3. Assessment Components (Phase III and IV)

Samples collected during Phase III will consist of sediment for chemical and physical analyses,
clam tissues for chemical analysis, and digital SPI photographs of cross-sections of the sediment-
water interface (Table 8). Phase IV assessment will include ~ benthic community sampling in
addition to Phase Il components. Sample methods for each component are described below. Far-
field stations will be determined based on Phase II data for pl ume deposition(s) to ensure
reference stations are well outside any areas potentially im pacted by deposition of drilling fluid
and drill-cuttings. Where possible, some far-field stations will be intentionally located at stations
previously sampled in prior studies (e.g., CSESP) to allow for long-te rm data collection at
stations for which data exist since 2008. This allows for referenc e locations outside the potential
impact area(s) (i.e., anthropogenic-specific monitoring) as well a s data collection from stations
outside the potential impact area(s) that have existing data for long-term monitoring (i.e.,
changes as a result of natural variability).

Benthic ccolosy (Phase IV —
Benthic ccology (Phase IV | 119
ey

) - s

Uptod Upto 1-2

! Far-field samples will be collected at 2-4 station s contemporaneous with the near-field stations. Far -field stations will be consistent
with a subset of stations from the CSESP, where possible.

* Multiple photographs will be taken at each station (plan-view and cross-sectional) to ensure at least one high-quality photograph per
station.
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3.3.4. Physical Sea-bottom Survey (Phase III and I'V)

Plan-view digital photographs of the seabed and profile digital photographs  of the sediment—
water interface will be obtained with SPI technology and/or other s imilar technology such as a
camera-sled or ROV. In the event that a camera-sled or ROV is used to collect the images, they
will be plan-view photographs only. Images will be assessed to char  acterize seabed conditions
immediately (as soon as practicable) after completion of the dri lling operations. SPI technology
involves the use of submersible digital camera equipment to penetra te and acquire vertical-
profile photographs of the upper 10-20 cm of the seabed sediment thatca  n be analyzed for a
variety of physical, chemical and biological parameters. A seconda ry camera is used to obtain
plan-view images of the seabed surface. ROV and camera-sled  technologies use submersible
cameras to obtain images of the seabed surface.

3.3.5. Sediment Characteristics and Discharge Effects (Phase III and 1V)

Sampling will be conducted at up to 17 near-field stations to evaluat e chemical and physical
sediment characteristics following drilling activities and to de termine the lateral extent of
deposition of water-based drilling fluid and drill-cuttings. The thickne ss of the depositions on the
seafloor will also be measured via photographic evidence (Section 3.3.1)  in conjunction with
sediment sampling (e.g., van Veen grabs). Based on the knowledge of chem icals associated with
drilling operations (and on Permit No.: AKG-28-8100 requirements), the focus for this study will
include analysis of organics, metals, total organic carbon (TOC), and grain-size distributions.

3.3.6. Sediment Chemistry Monitoring (Phase III and IV)

Organic constituents for analysis will include PAH, TPH, SHC and petroleum biomarkers. These
compounds are consistent with the list of organic chemicals analyze d in the 2008
characterization study in the Chukchi Sea and the 2012 baseline monitori ng at the Burger A drill
site (see Appendix A) allowing for consistent comparison with the baseline sediment-chemistry
data from previous studies. Metals and hydrocarbons for analysis in s  ediments are listed in the
project-specific QAPP. Sediment chemical concentrations from Phas e II will be compared with
existing baseline data and with the source samples (drilling fluids  and drill-cuttings collected
during Phase II monitoring) for a comprehensive post-activity evalua  tion and analysis in the
EMP Report #1. Following Phase IV monitoring, further data comparisons ~ will be made and
presented in the EMP Report #2.
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3.3.7. Benthic Community Bioaccumulation Monitoring (Phase III and 1V)

Targeted biota for collection for chemical analysis includes cl am tissues (benthic) and
amphipods (epibenthic). Both clams and amphipods are important infauna and e pibenthic
invertebrate species, respectively, in the Arctic food web (Dunton ¢ t al. 2012a). In the Arctic (as
well as elsewhere), clams are typically representative of lower (2-2.4) trophic levels (Dunton et
al. 2012a) and are good indicator species for measuring bioaccumulati on from benthic exposure
because they are filter feeders, benthic omnivores, and/or deposit/subs urface feeders (depending
on the particular species), relatively sessile, and do not typical ly possess the enzyme systems for
metabolizing hydrocarbons (Neff 2010, Dunton et al 2012). Clams are an im portant food source
for walrus and some seal species that feed in the benthic environment . Amphipods, which are
primary food for grey whales depending on the particular species, t ypically fall in a higher
trophic level than benthic clams (e.g., trophic level 2.8-3.9 in the Alas  kan Beaufort Sea), and
inhabit the epibenthos (Dunton et al. 2012a). Methods of collection for both ty  pes of targeted
biota will be similar to those used previously in CSESP (Neftf 2002), other Arctic programs (Neff
and Durell 2011) and COMIDA-CAB (Dunton et al. 2012b).

3.3.7.1. Benthic Clams

An attempt will be made to collect clam samples at four of the stations where sediment samples
and samples for benthic community-structure evaluations (in Phase IV ) are also sampled,
initially targeting stations along the transect that represe nts the average current direction (e.g.,
stations 3,7,11, and 15 in Figure 10). Due to natural patchiness and variabilit y in abundance of
these larger infaunal organisms, it is particularly challengi ng to collect adequate sample biomass
at a pre-determined station. Clam collection will be attempted us ing a combination of double van
Veen grab and towed clam rake. The sediment remaining following sedi ment sample collection
for chemical analysis using the double van Veen grab sampler, wi 1l be sieved through a coarse
sieve (17 mesh) to gather clams. Previous work done in the CSESP progr am to collect clams for
chemical analysis have demonstrated better success using at owed clam rake than using the van
Veen grab. The clam rake consists of a stainless steel pronge d rake with a Vexar-net attached to
“catch” material as the rake is dragged through the sediment . The Vexar-net has approximately
one quarter inch holes that allow for water to pass through while  the solid materials (including
biological materials) are retained in the net. The clamra ke 1s deployed from the monitoring
vessel using a crane or A-frame (or similar) and a winch/block  system. When the rake reaches
the sediment-water interface, it 1s towed at approximately 2 knots for a few minutes to cover a

lineal distance of ~30 m per on-bottom time minute. Samples will be targeted at the specific
defined stations, rather than towed along a transect. The rake is tow ed around a station in a circle
or semi-circle (to the degree possible, depending on weather/sea st ate). This can present

challenges for the stations in close proximity to the drill site. Typically the duration of the tow is
determined in the field depending on the “haul” that is obtained f ollowing the first few tows. At
the cessation of the tow, the rake is returned to the vessel via ~ the winch/block system and the
haul is collected into clean, plastic tubs for sorting. A typica 1 area towed represents
approximately 150-200 m”.
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Ideally, samples will represent composited single clam species (not individuals; clams are
typically not large enough in size in the Chukchi Sea to provide enough ti ssue mass for chemical
analysis). When tissue mass is limited, multiple species of ¢ lams may be composited from a
single station to ensure adequate tissue mass for chemical anal ysis. Previous studies, using
nitrogen isotope ratio analysis for the clams to be potentially collected, indicate they are all very
similar in trophic position (Dunton et al. 2012a). Higher level organis ms such as crabs,
polychaete worms, and fish will not be attempted for collection for tissue analysis because these
organisms metabolize, and thus do not bioaccumulate, polycyclic aromat ic hydrocarbons (e.g.,
Driscoll and McElroy 1996, Forbes et al. 2001).

3.3.7.2. Epibenthic Amphipods

An attempt will be made to collect amphipod samples at four of the s tations where clams are also
sampled, initially targeting the same stations along the transe ct that represents the average
current direction (e.g., stations 3,7,11 and 15 in Figure 10). Due to natur al patchiness and
variability in abundance of organisms, it is particularly challen ging to collect adequate sample
sizes at pre-determined stations for some of the targeted species.

Amphipods will be sampled using baited modified minnow-traps deployed a t the target stations.
Traps are lined with Nytex mesh (to minimize loss of any am phipods in the traps upon retrieval),
baited, attached to a long-line and anchor weight and deployed off the monitoring vessel. Traps
are soaked for 8-12 hours (approximate time dependent on monitoring ves sel logistics and
weather/sea state) and retrieved using a grappling hook. Upon retr ieval, the amphipods are
transferred from the traps to a clean, fine mesh sieve, and thor  oughly rinsed. Ideally, samples
will represent composited single amphipod species of hundreds of individual s. However, when
tissue mass is limited, multiple species of amphipods may be compos ited from a single station to
ensure adequate tissue mass for chemical analysis.

3.3.8. Benthic Community Structure (Phase IV only)

Benthic invertebrate communities are a key component in the Chukchi Sea food web, providing
benthic—pelagic coupling of organic carbon from sediments to pelagic popul  ations, including
many species of marine fishes, birds and mammals. Benthic-feedin g marine mammals in the
Chukchi Sea include bearded and ringed seals, walruses, gray whales , and occasionally bowhead
whales (Bluhm and Gradinger 2008). Walruses migrate through the Chukchi  Sea and probably
are the main mammalian predator on benthic bivalves and other large bent hic invertebrates in the
study area (Fay 1982).

Invertebrates living in sediments (infauna) are excellent indica  tors of disturbance of benthic
communities (Boesch and Rosenberg 1981). These sediment-dwelling organism s are either
sessile or unable to move large distances (relative to the sca le of disturbance events). They must
adjust to environmental change or disappear from the altered environment . Assessments of
disturbance events usually focus on change in the community composition of  benthic animals
due to the differential responses of the animals to stress at indi ~ vidual and community levels.
Benthic invertebrates will be collected for community-composition analysis by methods similar
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to those used in the CSESP (Blanchard et al. 2010, 2011, 2013). Photographic docume  ntation
(e.g., SPI) will provide a complementary data set to the evaluat ion of benthic community
structure by providing the opportunity to document sediment habitat charac teristics and changes
in benthic faunal distributions within sediments via digital photography.
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4. TECHNICAL METHODS

The following includes a summary of the field and laboratory ana lytical approaches. Field and
laboratory components include quality assurance and quality control aspect s which are critical to
the integrity of the data and ensure data quality. Each field me  thod is described briefly as an

overview for each approach. Similarly, each technical method is prese nted as an overall
summary for each analysis type. Detailed information for both the field and analytical
approaches can be found in the project-specific QAPP which contains d  etailed information on
field SOPs as well as analytical chemistry parameters ( e.g., method detection limits,

instrumentation, corrective action approaches, if needed) and other analytical details. Laboratory
SOPs are available upon request.

4.1. Field Methods

A project-specific QAPP is presented in conjunction with this EMP  document and will be used
for the execution of the field program. The QAPP describes the f ield protocols in detail,
including SOPs.

4.1.1. Collection of Phase II Samples
4.1.1.1. Effluent Samples for Toxicity Analysis

Under the Phase II Assessment, effluent samples for toxicity a nalysis will be collected by grab
sampling of the effluent from the six regulated discharges. The effluent samples will be collected
from the discharge stream after the last treatment step on t he drilling rig and before the discharge
stream enters the ocean. A split of each sample will be colle cted for chemical and physical
analysis as described in the project-specific QAPP. Effluent s amples for toxicity analysis will be
collected in pre-cleaned plastic jugs (Cubitainer ® or equivalent) and kept on ice in coolers under
proper chain-of-custody (CoC) procedures, as outlined in the project-spe cific QAPP associated
with this program.

4.1.1.2. Discrete Water Samples (Plume Monitoring)

Plume tracking will be conducted by integrating water column vel ocity data to predict the plume
direction and inform the location of water column profile and discrete  sample collection. Water
column profiles will be accomplished with a CTD system augmente  d with a transmissometer

sensors for turbidity measurements. The CTD is connected toar  osette water sampler which

collects discrete water samples at various depths. Sensor data a nd discrete water samples will be
collected to provide information on water column chemical and physical  characteristics within
and outside of the plume(s). Discrete water samples will be coll  ected for water-chemistry and
water-quality measurements.

Field SOPs and accuracy and precision for the instruments are 1 ncluded in the project-specific
QAPP.
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4.1.1.3. Water-Based Drilling Fluid and Drill-Cuttings

Two samples of used water-based drilling fluid and two samples of drill-cuttings will be
collected during each of the primary time periods of the drilling  in Phase II that will include
plume-monitoring, with the exception of drill-cuttings during the bulk dri lling fluid discharge (if
this event occurs) (see Table 7). Sample-collection methods, containe  rs, storage requirements,
and holding-time requirements are detailed in the project-specific ~ QAPP. Water-based drilling
fluid compositions and monitoring records will be obtained from the drill -rlg SUPEIVisor as
available.

4.1.2. Collection of Phase III and Phase IV Samples
4.1.2.1. Physical Sea-bottom Survey

SPI and/or similar photography techniques will be used to monitor the physical and benthic-
infaunal characteristics in surface sediments (upper 10-20 cm) in the study area after exploratory
drilling is completed (Phase III). If real time assessment  of the images in the field suggests a

steep gradient between sites with noticeable deposition and sites with no visual signs of
disturbance, the system will be deployed between the predetermined locations based on best
professional judgment in the field, in conjunction with logistical constr aints and/or weather

conditions. Field SOPs are included in the project-specific QAPP.
4.1.2.2. Benthic Ecology Sampling

Benthic invertebrates will be sampled with techniques and methods ¢ onsistent with those used
for the CSESP for community ecology (Blanchard et al. 2011). Infauna will be collected with a
double van Veen grab and then sieved through a 1.0-mm-mesh screen (the st andard for
ivestigations in Alaska with fine sediments). Five replicate sa mples will be collected at each
sampling location. Field SOPs are included in the project-specifi ¢ QAPP. Sea water and fine
sediments resulting from the grab surveys will be discharged ove  rboard from the monitoring
vessel in compliance with the International Convention for the Prevention of Pollution from
Ships (MARPOL). The details of the washdown procedures are presented in Appendix D.

4.1.2.3. Sediment Sampling

Sediments will be sampled at up to 17 sample-design near-field sta tions as well as the far-field
stations, as described in Section 3.3.3, with a double van Veen grab sample r. Sediment samples
will be collected from the top 2 cm of sediments. Depending on sedime nt observations from van
Veen grab collections, gravity-core samples also may be collect  ed in the field to obtain truly
undisturbed cross-sectional samples of the sediment layer and to provide information on area and
depth/thickness of solids deposition. If collected, the sediment-core sa mples would be obtained
most likely in the immediate vicinity of the drilling location and at the stations located within the
100-m and 250-m concentric radii from the drill site in the direct  1on of the prevailing current
during activity. If evidence exists in the field beyond the 100-m radi 1 of drilling fluid and drill-

46

ED_5260365-000000337 EPA-000126



Environmental Monitoring Program Olgoonik ‘!" -

Plan of Study Fairweather LLC

cuttings thicker than expected based on model predictions, additional core samples may be taken.
The decision concerning additional coring will be made at the discretion of the field team leads.

During collection of sediment samples, extreme care will be take n to avoid contact with
hydrocarbon sources and any possible metals contamination. For exampl e, samples will be
collected from the internal portion of the sampler, not from the s ides that are touching the actual
van Veen grab. Field SOPs are included in the project-specific QAPP.

4.1.2.4. Biological Sampling for Bioaccumulation Monitoring

of the bivalves and amphipods will be determined as best as possible in the field. However,
species will be confirmed by taxonomic identification. Field SOPs  are included in the project-
specific QAPP.

4.2. Laboratory Methods

A project-specific QAPP is presented in conjunction with this EM P and will be used for the
execution of all laboratory-based analyses. The QAPP describes  the analytical requirements in
detail, including detailed method descriptions or references for sa ~ mple preparation protocols,
instrument calibration, and sample analysis specifications. Measur ement-quality objectives
(MQO:s), such as method detection limits, quality assurance [QA]/ quality control [QC] program
and criteria, data reporting and qualifying scheme are also desc ribed in the QAPP. Additionally,
the laboratory requirements for the benthic community structure a nalysis and digital
photographic analysis are presented in the QAPP.

4.2.1. Samples for Metals Analysis

Samples of drill-cuttings, mud samples, water, sediments, and tissue s will be analyzed for the
suite of metals required by Permit No.: AKG-28-8100. The analyses will be conducted following
protocols that have been developed specifically for reliable trace-l ~ evel analysis of the target

metals in complex marine environmental samples. The analytical pr otocols have been used

extensively for baseline characterization and monitoring the potent ial impact of offshore oil and

gas activities in Alaska, including in the CSESP, COMIDA CAB, Arctic Nearshore Impact
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Monitoring In Development Area (ANIMIDA) and Continuing Arctic Ne arshore Impact
Monitoring In Development Area (cANIMIDA) programs.

4.2.1.1. Water

Water collected for dissolved metal samples during drilling activities (Phase II) will be analyzed
for the suite of metals required by Permit No.: AKG-28-8100. Water  collected for particulate
metal samples during the plume-monitoring component in Phase II will also be analyzed for the
same suite of metals. Details can be found in the project-specific QAPP.

4.2.1.2. Sediments

Drilling fluid and drill-cuttings samples collected during Phase II and sediment samples collected
during Phases I1I and IV will be analyzed for the suite of met als required by Permit No.: AKG-
28-8100. Details can be found in the project-specific QAPP.

4.2.1.3. Tissue

Tissue samples collected during Phases III and IV will be ana lyzed for the suite of metals
required by Permit No.: AKG-28-8100. Details can be found in the project-specific QAPP.

4.2.2. Samples for Hydrocarbon Analysis

Samples of water, drilling mud, cuttings, sediment and tissues will ~ be analyzed for a suite of
VOCs (only in water and drilling fluid and drill-cuttings), PAH, pet roleum biomarkers (not
analyzed in water), TPH and SHC compounds. The analyses will be conducted following
protocols that have been developed specifically for reliable trace-l1 ~ evel analysis of the target
parameters in complex marine environmental samples. The analytica 1 protocols have been used
extensively for baseline characterization and monitoring the potent ial impact of offshore oil and
gas activities in Alaska, including in the CSESP, ANIMIDA, and cANIMIDA programs and are
described in the project-specific QAPP.

4.2.2.1. Water

Water samples collected during Phase II will be extracted for VOC (TAH), PAH, SHC and TPH,
following laboratory SOPs (see project-specific QAPP). Deta iled analytical methods and
additional information are described in the QAPP.

4.2.2.2. Sediment

Samples of water-based drilling fluid and drill-cuttings collec ted during Phase II and sediment
samples collected during Phases Il and IV will be analyzed f or VOCs (drilling fluid and drill-
cuttings only), PAH, SHC, TPH and petroleum biomarkers, following labor atory SOPs.
Sediment grain size and TOC content of the sediments will als o be determined. Detailed
analytical methods and additional relevant information are described i n the project-specific
QAPP.
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4.2.2.3. Tissue

Samples of biological tissues collected during Phases [T and IV will be analyzed for PAH, SHC
and TPH, and petroleum biomarkers following laboratory SOPs. Detailed analytical methods and
additional relevant information are described in the project-specific QAPP.

4.2.3. Samples for Benthic Community Structure and Taxonomic Analysis

Taxonomic analysis will be conducted on infaunal invertebrates to d etermine community

composition. Resulting metrics include taxonomic identification, abundance  (individuals m ),
and biomass (g m *). SPI and/or similar technologies (¢.g., ROV) and plan-view photog  raphy
will be analyzed according to methods described by Blake et al. (2009), with results incorporated
into the community analyses. QC methods for benthic taxonomic analys is will follow guidelines
outlined in Blanchard et al. (2010) adapted from the EPA Environmental Moni toring and

Assessment Program (www.epa.gov/emap/html/pubs/docs/groupdocs/estuary/field/labman. html).
Detailed methods and additional relevant information are described in the project-specific QAPP.

4.2.4. Analysis of Photographic Images

For SPI digital photography (plan-view and profile), the range of s ummarized parameters
assessed in the photographic images include: aerial (horizontal and vertical delineation) sediment
grain size, prism penetration, surface relief, apparent color red  ox potential discontinuity layer,
surface features, subsurface features, successional stage. In the event that an ROV or camera-sled
is used instead of SPI, only plan-view images will be analyzed. This evaluation will include
determining the aerial (horizontal) extent of drilling fluids a nd drill-cuttings. Detailed methods
and additional relevant information are described in the project-specific QAPP.

4.2.5. Samples for Toxicity Testing

Test methods for conducting the initial toxicity screening test and the WET testing on specified
waste streams are summarized below in Table 9. Additional detai s can be found in the project-
specific QAPP. Upon receipt of the toxicity samples at the la boratory, water quality
characteristics will be assessed, depending on the particular re quirements as laid out in the SOPs.
For example, salinity and dissolved oxygen will be measured. These  data can then be used to
assess whether physical/chemical conditions are similar between the initial toxicity screening test
and (in the event that a positive initial toxicity screening res  ult is obtained) the WET test. No
chemical analysis on the initial toxicity screening samples is required by Permit No.: AKG-28-
8100.
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Table 9: Summary of WET species.

Marine Chronic Toxicity Tests Method

Topsmelt
Larval Fish Seven-Day Larval Survival and Growth g;lthermop s affinis) EPA/600/R-95/136
Test Inland Silverside! EPA-821-R-02-014
(Menidia beryllina)
Mysid Shrimp Seven-Day Larval Survival, Growth, |Americamysis bahia
and Fecundity Test (Formerly Mysidopsis bahia) EPA-821-R-02-014
Purple Sea Urchin
(Strongylocentrotus purpuratus)
Echinoderm Larval Survival and Development Test  |or EPA/600/R-95/136
Sand Dollar
(Dendraster excentricus)

Menidia beryllina may be used as a substitute for topsmelt
4.2.6. Quality Control/Quality Assurance (QA/QC)

The quality assurance and quality control component will ensure that  the technical components
of the project meet existing SOPs to confirm the accuracy, inte  grity and completeness of the
data. Analytical staff members will be responsible for ensuring  that sample tracking, sample
preparation, and analytical instrument operation all meet QC crit  eria detailed in the applicable
analytical SOPs.

4.2.6.1. Field-Based QA/QC

Standardized field documentation forms will be used to document all sa mple collection and
handling activities, and to track electronically captured data. Fie 1d custody of electronic data will
be the responsibility of the field survey’s chief scientist and/or  other responsible party on the
monitoring vessel. The field custody of the electronic data consist s of creating backups of all
electronic data generated each day. The label on the backup media will include a survey 1D, date,
and name of person creating the backup files. Calibration and maintenan  ce procedures for the
sensors that will be used are included in the project-specific QAPP. The QAPP also describes the
preparation of field QC samples such as field blanks and field duplicates.

4.2.6.2. Laboratory-Based QA/QC

An integral part of laboratory activities, QC lays out methods for maximizing the quality of
operations and analyses, provides analysts with metrics about method p  erformance, and aids
project managers in identifying and correcting systematic and ra ndom problems. A routine set of
QC samples should accompany each set of samples analyzed at the  laboratory. Details can be
found n the project-specific QAPP.

The MQOs for each QC parameter in this project are presented i n the project-specific QAPP.
Analytical results that do not meet the MQOs will be submitted to and/or reviewed with the
project manager/lead scientist for assessment of the potential impact of the results. Affected
samples may be reanalyzed at the project manager's discretion. QC sample data that are accepted
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outside the MQOs will be indicated with the appropriate data qualifi ~ er, and the rationale for
accepting the analysis will be documented.

4.2.7. Sample Handling, Storage, Shipping and Custody

All samples collected on the EMP monitoring vessel will be inve ntoried in a field log book or
electronic data acquisition program maintained by the project’s chief scientist. All samples will
be logged on CoC forms and will be stored in secure areas on the monit oring vessel(s)
immediately after collection. Sample names will be cross-che cked against the CoC logs prior to
packaging samples in coolers for shipment to laboratories.

Sample integrity and custody will be maintained at all times. Every effort will be made to deliver
samples to the laboratories in a timely manner with CoC forms  inside each cooler. Established
procedures will be followed and maintained throughout collection, packag ing and shipping.
Fully-executed CoCs documenting the sample receipt will be maintained by the laboratories.
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S. REPORTING

5.1. First EMP Report

The first EMP report will be submitted no later than June 1 ofthe  year following drilling site
operations (Permit section I1.A.13.k.2). This EMP report will contain a  preliminary analysis of
site conditions during active drilling operations and an analysis of post-drilling conditions.
Additionally, these data will be compared to existing baseline data.

5.2. Second EMP Report

The second EMP report will be submitted no later than June 1 of the y ear following completion
of Phase IV (Permit section I1.A.13.k.3). As per Permit No.: AKG-28-8100, this EMP report will
contain:

1. Summary of the results of all stages of environmental monitoring for each EMP Phase;
i1.  Discussion of how EMP goals and objectives were accomplished;
1ii.  Analytical test methods used for data analysis;

tv.  Description of any impacts of the effluent on observed sediment polluta nt concentration,
sediment quality, water quality, benthic community, and marine mammal defle ctions;

v.  Description of the data, evaluations and determinations with regard t o each EMP Phase;
and

vi.  All relevant QA/QC information including, but not limited to, laboratory instrumentation,
laboratory procedures, analytical methods detection limits, analy tical method precision
requirements and sample collection methodology.

/' /{/

%
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